Abstract-the effects of trimebutine maleate (TM-
For inveterate symptoms in patients with irritable colon syndrome, a number of drugs have been prescribed. Trimebutine maleate (TM-906; the chemical structure is shown in Fig. 1 ) seems to be as effective as metoclopramide in relieving the symptoms (1) (2) (3) . TM-906 has a chemical structure similar to that of local anesthetics such as procaine. TM-906 modulated the motility of the human stomach in clinical trials, i.e., this agent enhanced or reduced the gastric motility when the basal motility was low or high (4) .
In in vivo experiments, the response of the gastrointestinal tract to TM-906 differed depending on factors such as the digestive or interdigestive states and the region of the gastrointestinal tract (5) . In in vitro experiments, TM-906 reduced the amplitude of the regularly generated spontaneous contractions, while this agent regularized the amplitudes and rhythms of irregularly generated spontaneous contractions in the guinea-pig stomach at low temperature (6). Takenaga et al. (7) suggested that TM-906 posseses both inhibitory and excitatory effects on the guinea-pig colon and that these effects seem to be due to its direct action on the smooth muscle.
The membrane potential of the smooth muscles of the guinea-pig stomach differs with the region (8) . Furukawa (9) reported that the membrane potential of the circular muscles in the fundus is about 10 mV lower than that in the antrum. Furthermore, smooth Chemical structure of TM-906 (trimebutine maleate). muscles in the fundus are electrically quiescient or they generate only slow waves without spikes, whereas those in the antrum consistently generate slow waves (basic electrical rhythms, action potential), with or without spikes.
The present experiments were carried out to investigate the effects of TM-906 on electrical and mechanical activities of smooth muscles of the guinea-pig stomach. We found that TM-906 suppresses the Kpermeability of the membrane of smooth muscles in the antrum, but not those in the fundus. Thus, changes in electrical and mechanical activities would be expected to occur. The differences of responses to TM-906 between smooth muscles in the antrum and fundus were also given attention. Effects of TM-906 on the frequencies of slow wave generations in stomach smooth muscles: The frequencies of slow wave generations varied according to regions of the stomach, stretch, temperature and other factors. Figure 7 shows the effects of TM-906 on the frequencies of slow wave generations in stomach smooth muscles. The frequency of slow wave generations was obtained by microelectrode recording, and in the case of circular muscles in the fundus, only pre- results indicate that TM-906 slightly increases the frequency and regularizes the rhythm of slow wave generations of smooth muscles in the antrum to a certain value, but such is not the case in the fundus. Effects of TM-906 on spontaneous mechanical activities of circular and longitudinal muscle strips of the antrum: Both circular and longitudinal muscle strips of the antrum generated spontaneous mechanical activities. The amplitude and frequency of spontaneous mechanical activities were not affected by atropine (10-6 M) or tetrodotoxin (10-7 M). During application of TM-906 (10-5 M), the amplitude of spontaneous mechanical activities recorded from circular or longitudinal muscle strips was reduced ( Fig. 8a and b) . Figure 8c pig urinary bladder (16) , canine trachea (15) and guinea-pig stomach (17) . This agent also inhibits the caffeine-induced contraction of smooth muscles in the guinea-pig stomach (18) . These inhibitory effects are postulated to be due to an inhibition of Ca-release from storage sites and to a block of Ca-influx through the inward Ca-channel. This block of Ca-influx is antagonized by raising [Ca] . (12) . TM-906 consistently inhibits mechanical activities of the circular muscle strips of the antrum, and this inhibition is overcome by adding CaCl2 (6) . Provided that TM-906 also blocks the Ca-influx as well as procaine, this agent is able to inhibit mechanical activities, although the amplitude of the first spike potential is increased and the membrane is depolarized. Under treatment with TM-906, the membrane potential of smooth muscles in the antrum in 5.2 mM [Ca]0 was less depolarized than that in 2.6 mM [Ca]0. Takenaga et al. (6) reported that TM-906 inhibited the high-K-induced contraction of smooth muscles in the guinea-pig taenia coli. Therefore, the inhibitory effects of TM-906 on electrical and mechanical activities of smooth muscles of the guinea-pig stomach are probably due to a mechanism similar to that operative in the case of procaine, and the biphasic effects of TM-906 on gastrointestinal tract tissue in the in vivo or in vitro experiments could be explained by these procaine-like actions. Tetraethylammonium (TEA), procaine and 4-aminopyridine (4-AP) are agents which suppress the K-permeability on smooth muscles. These agents, however, do not act on the smooth muscle in the same manner. For example, TEA and procaine but not 4-AP depolarized the membrane of the guinea-pig basilar artery (18) . Fujiwara and Kuriyama (18) concluded that the low membrane potential in this vascular tissue is consistent with the low K-permeability of the membrane, presumably due to absence of a K-channel sensitive to 4-AP. 4-AP enhanced but procaine suppressed the K-induced contraction of the guinea-pig pulmonary artery (19) . TEA suppressed the rectifying property of antral muscles in the guinea-pig (20) and the dog (21) . Therefore, there seem to be several K-channels in smooth muscles, and the effects of the K-permeability suppressing agents on the membrane of smooth muscles seem to vary with the species and with the regions.
The smooth muscles in the fundus possess different properties in comparison with those in the antrum. It has been reported that most smooth muscles in the fundus of the dog displayed no spontaneous electrical and mechanical activities and that the membrane potential in the fundus was about 10 mV lower than that in the antrum (22) . These results are similar to those obtained in the guinea-pig stomach (9) . TM-906, the Kpermeability suppressing agent, modified neither the membrane potential nor the membrane conductance of smooth muscles in the fundus. The present experiments indicated that smooth muscles in the fundus may lack the K-channel sensitive to TM-906 and that in consequence, the membrane potential of smooth muscles in the fundus may be lower than that in the antrum.
Using the sucrose gap method, Gobbato et al. (23) found that TM-906 did not modify the membrane conductance of the guinea-pig taenia coli. Some visceral smooth muscles, as well as circular muscles in the fundus, do not seem to have the K-channel sensitive to TM-906. This may mean that the different results obtained with the different organs, albeit when the same concentration of the drug is used, relate to the differences in sensitivity to TM-906.
The slow wave seen with circular muscles in the antrum consists of two components, one potential-independent (first component) and the other potential-dependent (second component). The plateau potential of the second component in the antrum is probably mainly due to an increase in Ca conductance initiated by the depolarization of the first component (11) . TM-906 regulated the rhythm of the first component by depolarization of the membrane, and in some preparations, it enhanced the first spike component. This may be accounted for by the Kchannel-blocking action during the repolarizing phase of the spikes, as is the case with procaine (12) . The decrease in the amplitude of slow waves under treatment with TM-906 is presumably due to the blocking action of & Y. Kimoto Ca-influx, one action of local anesthetics (12) .
From the present experiments, we conclude that TM-906 possesses excitatory and inhibitory effects on smooth muscles in the guinea-pig antrum through modulations of the K-channels. These actions of TM-906 relate to local anesthetic properties. Since TM-906 produced no change in the membrane properties of smooth muscles in the fundus, the K-channel sensitive to TM-906 may be absent.
